Abstract-This paper proposed an alternative method of measuring water level using a Printed Circuit Board(PCB). The design of the electrode water level sensor went through circuit sketching, printing of sketch on PCB and etching. The signal conditioning circuit board was fabricated using a donut board and other electrical components. Experimentation was carried on the fabricated electrode sensor and the capacitance and current for each electrode finger was measured using digital multimeter and LCR meter. The multiple correlation of the water level, measured current and measured capacitance produced a value of 0.921 with P-values less than 0.05 showing the strength of the data obtained from the test conducted. The electrode water level sensor has proven to be consistent and reliable under normal working condition.
INTRODUCTION
Water level sensors are based on a principal of height measurement using digital technology. The existence of a water meter used by farmers in Oases Ghadames which has been in existence for over 3000 years showed that water level was being used pre-civilisation era [1] . Nowadays, water level measurements are widely used for many different purposes mainly for measuring depth of river, tanks and irrigation of agricultural lands [3] [4] [5] [6] [7] . Water level sensors comes in all sizes and shapes with different functions in particular. There are mainly two types of water level sensors which are contact or non-contact water level sensors. The types of non-contact, continuous level sensors are Ultrasonic sensor, Radar Level sensor and optical sensor while types of contact, point level sensors comprises Float Switch, Capacitance sensor, Conductivity probes and Magnetic Level Gauges [2, 9] . However, the use of optical fibers to measure water level has steadily increased in recent years. The use of optical fibers became popular as it uses the principle of light, light transmission and reflection of light to make a good sensor to measure liquid height [5, 6] . Fiber Bragg Grating is an extension of optical fiber filter which offers a higher precision with continuous level monitoring, but this technology comes with an increased cost and a need for recalibration for different kind of liquids [16] . After all, the contact water level measurement has proven to be more capable of working under vigorous conditions with far more cost-effective building components and a reasonable precision compared to contactless and optical fiber water level sensors.
Furthermore, the applications of capacitance type liquid level sensors were presented in many research papers while its usage has huge impact in hydroponics as well as controlling material position [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The principle of capacitance liquid level sensor is to make use of the charge separation in a parallel plate which induces an internal electric field and the liquid acts as the dielectric which reduce the field and increases the capacitance [5, 6, 8, 9] . The main advantages of these capacitance liquid level sensors are their precision and stability in measuring liquid level with low maintenance cost. This paper describes the design and testing of a water level measurement based on a capacitive effect with uniform varying fingers of parallel electrodes on a printed circuit board (PCB). The capacitance between parallel electrode fingers on the printed circuit board varies according to the water height. The driven element which is the positive side of the plate and the sensing element which is the negative side of the plate creates a fringe effect as shown in Fig. 1 [2] . The fringe effect makes the measured capacitance higher in comparison to the calculated capacitance. A signal conditioning circuit has been designed and fabricated to aid in measuring the change in voltage difference for each electrode finger as water rises. The electrode water level sensor has been tested and it has proven to work efficiently under static and dynamic conditions. Thus, this implies that the water level sensor can be applicable for a flood monitoring system. 
II. DESIGN OF CAPACITIVE ELECTRODE WATER LEVEL SENSOR
A. Circuit Design Microsoft Word 2010 Edition was used to sketch the circuit that will be imprinted on the PC B board. Microsoft Word was used instead of other circuit design software(Eagle) because the circuit layout was not complicated. The circuit layout was printed using a laser printer on a transparent A4 size paper and it was checked if it meets the desired measurements as shown in Fig.2a . After that, the printed image was transferred on a prepared FR-4 substrate PCB. The printed image was bonded onto the copper plate using a photoplatter machine, then it was placed inside the UV insulator machine for 180 seconds to irradiate the PCB with UV light. The copper plate was removed from the UV insulator chamber and the printed image was removed from it. The copper was cleaned with photorevelator and rinsed with distilled water before it was submerged into a bowl of ferric chloride acid to etch the part destroyed by UV irradiation [10] . The board is taken out after 15 minutes when all the unnecessary copper is etched away from the board. A fine sand paper is used to remove all the insulating drawing materials used on the board remaining only the electrode finger lines. Another copper plate was cut exactly with the same measurement as the copper electrode sensor was prepared to be used as the reference electrode. Single-core tinned copper wires (about 58 cm long and 0.055 cm in diameter) were soldered to the top end of each electrode finger for data acquisition purposes. Both the electrode sensor and reference electrode were built to have a height of 31 cm and a breadth of 2.7 cm while the width is 0.2 cm. The average spacing between each electrode finger is 0.2 cm while the thickness of each finer electrode is 0.3 cm. The length of each electrode fingers was made to be in an increasing order of 3 cm for 10 water level as shown in Fig. 2b . The electrode sensor was built to have 5 sensing electrodes at both sides of the copper plate as showed in Fig. 2b and Fig. 2c . This design reduces the number of copper plate that will be used for making another 5 sensing electrodes on a different board. Furthermore, the electrode capacitive sensor in this paper took few design features and dimensions from [6] . The width of the electrode sensor is fixed as all the PCB comes from the manufacturer in this dimension. The breadth was kept at 2.7cm to be able to accommodate all the 5-electrode finger at each side of the electrode sensor. The length of 31 cm was modified from [6] . 
B. Signal Conditioning Circuit Design
The signal conditioning circuit board was fabricated to aid in the data acquisition process. A pre-cut donut board was used along with a fixed number of resistors, transistor and male connectors. The signal conditioning circuit board process the signal that comes from the sensing electrode into digital information that is understandable by the microprocessor. A total number of 10 2N2222 NPN bipolar junction transistor was used in the circuit interface for switching on the electrode sensor. In addition, 10 470 ohms resistors, 10 220 ohms and 22000 ohms resistors was soldered together on the donut board to reduce current flow in the signal conditioning circuit. The male connectors enabled the connection of the female connectors from the electrode wires coming from the sensing electrode sensor. The total number of male connectors on the donut board is 20 to accommodate connections to the microprocessor and the linking electrode wires. Three male connectors were specially made for the connection of the reference electrode, input voltage and ground to the microprocessor as shown in Fig.3b . The donut board that house the signal conditioning circuit has a length of 14.5 cm, breadth of 6.3 cm and thickness of 0.2 cm. Fig. 3a shows a caption of the fabricated signal conditioning circuit and Fig.3b shows the schematic diagram for the signal conditioning circuit of three water level including the reference electrode. 
C. Experimental Setup and Testing of electrode sensor
To measure the capacitance of the electrode sensor, basic experimental set-up was made with a laboratory DC power supply, a digital multimeter, a LCR meter and a 5.5-liter plastic container (34 cm high and 21 cm in diameter). Tap water was supplied through a PVC pipe (34 cm high and 2.8 cm in diameter) screwed in at the bottom of the container. Two probes were connected between the signal conditioning circuit and the DC power supply to power the signal conditioning circuit. The other two probes were used to connect the digital multimeter and the electrode finger under test. This configuration was used to measure the current of each electrode fingers while only supplying 5 volts from the DC power supply. The arrangement for measuring the capacitance of each electrode finger includes a LCR meter, reference electrode and the electrode sensor. The test was carried out by firmly sticking the reference electrode and electrode sensor at opposite edge of the plastic container using a double side tape as shown in Fig.4 . Then, two probes were connected to the positive and negative input of the LCR meter whereas the other positive end of the probe (red color) was connected to the reference electrode while the negative end of the probe (black color) was connected to each electrode finger under test. The frequency chosen on the LCR meter is 1Khz and mode of measure is in nano-farad. Table I shows the permittivity and conductivity of tap water and FR-4 substrate. 
III. RESULT ANALYSIS AND DISCUSSION
The electrode water level sensor was evaluated by comparing each electrode finger current with water level as shown in Fig.5 . Consecutively, the capacitance of each electrode finger was compared with water level as shown in Fig.6 . The result showed a steady increment of measured current from 23nA to 61.1nA when water level is added from 0 cm to 30 cm. On the other hand, the measured capacitance rises from 0nF to 13.605nF steadily when water level is added from 0cm to 15cm but plunged and kept an unsteady pattern from 4.949nF to 5.629nF as more water is added from 15 cm to 30cm. This happens because of the accidental parasitic capacitive coupling between the electrode fingers of water level from 15 cm to 30 cm. The capacitive coupling causes noise and lessen the measured capacitance. This effect can be reduced by separating the electrode finger as much as possible or another line electrode should be run in between the electrode fingers so that the electrode fingers are capacitively coupled to ground rather than each other. Alternatively, a decoupling capacitor can be placed between the input voltage and the reference voltage to reduce the effect of capacitive coupling. Another reason for the drop in the measured capacitance might be due to increasing impedance which supposed to be decreasing as the water level increases from 15 cm to 30 cm.
Equation (1) and (2) showed the relationship that exists between current (i) and capacitance (C) which also clearly described that each electrode fingers capacitor and reference capacitor were being charge (Q) until they reached the maximum supplied voltage (V) of the DC power supply in function of time (t). In addition, Equation (3) provide a mathematical expression to manually calculate capacitance for each electrode fingers [2] . MedCalc statistical software was used to perform the regression analysis for the measured data from the experimentation done on the electrode water level sensor. The regression analysis done on the measured readings showed that the multiple correlation coefficient is 0.9210 with a P-value of 0.0002 for the measure current readings and a P-value of 0.0140 for the measured capacitance readings. The multiple correlation coefficient uses the best linear predictors and indicates a better predictability of water level reading from the measured data while P-values less than 0.05 shows very good explainable variations between the measured data.
where ߝ Ͳ is permittivity of free space, ߝ ‫ݎ‬ permittivity of water, n is the number of electrode fingers, ‫ݔ‬ is the overlap length, h is the electrode height and w is the space between electrodes [2] . An alternative method to monitor water level has been designed using a PCB and a signal conditioning circuit. The electrode water level sensor is equipped with varying electrode traces which can measure water level for up to 30 cm with little deviation from the actual water level. The experiment carried out on the electrode sensor is restricted to tap water only while it's usage can be extend to other liquids as well. The average response time for the capacitive sensor to detect a level is less than a second which shows that the sensor responds quickly to a small change in water level. The electrode water level sensor is compact, light-weight and user friendly. Furthermore, the electrode water level sensor works well while it remains functional and interactive with most off the shelf microcontroller. Future work will focus on adding a film or coat on the electrode sensor to reduce parasitic capacitive coupling. The electrode sensor can be fixed on a pole or held-tight with a clamp to a rigid structure for outdoor usage. 
